Accurate data about the prevalence of post tick-bite illness are hard to find, but as many as 10% of tick-bite victims may experience illness overseas 5 . This includes local reactions (57.6% of total reactions in Polish patients) 6 , systemic syndromes, tick paralysis and anaphylaxis.
Studies of tick saliva
Tick saliva is injected during a bite and contains a complex mix of chemicals. These neutralise host protective mechanisms such as pain, haemostasis, inflammation (which can reduce transmitted infections) and immune reactions 7 . Transcriptome analysis has characterised the sialotranscriptome of specific ticks 8 , which changes depending on life stage and feeding status.
Of the human biting ticks, Ixodes spp. saliva contains proteins encoded by a metalloproteinase family of genes that inhibit wound healing and facilitate prolonged feeding via anti-haemostatic agents 7 .
Boophilus (previously Rhipicephalus) bites differentially induce acute phase proteins in infested cows (increased haptoglobin in sensitive and serum amyloid A in resistant strains) 9 . Cows have varying genetic susceptibilities to Boophilus tick bite that may be mediated by induction of inflammation (via leukocyte adhesion modulated by ICAM-1, VCAM-1 and P-selectin) 10 . Downregulation of host immunity via regulatory dendritic cells in murine bone marrow 11 and bovine leucocyte recruitment (eosinophils, basophils) have been reported 12 . Cows resistant to tick bite express more E-selectin 12 and downregulate genes encoding production of volatile compounds that attract tick larvae 13 .
Local reactions
These can have an erythaematous, nodular, pustular or plaque-like . Antibodies directed against components of tick saliva can be detected in humans and used to determine the epidemiology of specific tick activity in certain regions 21 .
Systemic syndromes
These include headache (10.8%), fever (5.4%), lymphadenitis (5.9%) and arthralgia (4.3%) 6 . No in-vivo physiological studies in humans with systemic symptoms induced by tick bite exist, but systemic toxicosis was demonstrated in an animal model 22 . After
Ornithodoros ticks fed on rats, hyperaemia of oral mucosa and ocular mucosa, pilo-erection, tachypnoea, ocular and nasal discharge was observed in association with local haemorrhagic lesions. Increased bleeding times, eosinophilia and basophilia, raised creatinine kinase (total and MB) and LDH were noted.
Myocardial myocyte degeneration and necrosis was also documented.
In-vitro studies of blood collected from humans previously bitten by ticks, when stimulated with Ixodes antigens, was shown to induce basophilia 23 .
Symptomatic treatment with anti-histamines or corticosteroids are usually sufficient for this syndrome. .
Tick paralysis (TP)
Treatment requires immediate removal of the tick, which may be associated with temporary worsening of the paralysis. In order to not facilitate envenomation, the tick must be killed before removal, which is most readily achieved by freezing with ethercontaining agents (i.e. Wart-Off, Tick-Off) 15 . The tick may be removed with narrow forceps applied as close to the skin as possible (which is the most common method used in the USA) 26 .
Tick anaphylaxis (TA)
This may due to a direct IgE-mediated reaction against components of tick saliva, or an indirect IgE reaction against galactose- 
Mammalian meat allergy (MMA)
Red meat allergy triggered by tick bite was first recognised in In 2009, delayed anaphylaxis triggered by consumption of mammalian meat was found to be associated with the presence of a-gal-specific IgE antibodies 15 and it was noted that >80% of these patients had a history of tick bite. Subsequently a-gal IgE antibodies were prospectively shown to develop in response to tick bite. a-gal has now been definitively identified in the gastrointestinal tract of I. ricinus 15 completing the pathogenetic puzzle.
These reactions have been described after eating beef, lamb and pork 15 . Anaphylaxis has also occurred after eating kangaroo meat, but the patient's tick bite status was not known 30 . As well as meat, cetuximab (a mouse-human chimeric antibody) 15 , gelatine 15 or milk products can also trigger MMA.
Clinical manifestations, including a delay of 3-6 hours after oral exposure, can range from gastrointestinal upset to angioedema and frank anaphylaxis Appropriate management of this syndrome relies on development of adequate research funding to identify the aetiology and efficacious protocols.
Conclusion
Non-infective complications of tick bites are common and may have potentially fatal consequences. Prevention of tick bites is crucial and prompt removal of ticks will limit their adverse effects.
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Theileriosis refers to the clinical disease caused by organisms from the genus Theileria, tick-borne haemoprotozoans infecting a diverse range of mammalian hosts. In Australia, Theileria spp. have been identified in both domestic and wildlife species but the bovine parasite, Theileria orientalis, has received the most attention due to the emergence and spread of clinical disease over the past 12 years, particularly in cattle herds on the east coast.
At an estimated $20 million per annum, the burden to cattle production is significant but despite over a decade of disease, there are still no effective chemotherapeutic treatments or vaccines available in Australia. Recent insights from genome sequencing studies reveal species level diversity within T. orientalis, which may help direct efforts at disease control.
Clinical presentation
Theileria orientalis is an apicomplexan parasite that requires both a bovine and a tick host in order to complete its lifecycle (Figure 1 ).
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